It has been shown that over-eating, especially of foods high in fat content, plays an important role in the regulation of diabetes (Albrink, 1974) . In diabetics, a high fat diet causes a further reduction of glucose tolerance. This condition can usually be improved by a reduction of fat in their diet (Brunzell et al., 1974) . This can be attributed to several disturbances in the regulation of carbohydrate metabolism in the liver (Eisenstein et al., 1974) and adipose tissue (Zaragoza-Hermans and Felber, 1972) , caused by the high fat diet. It has also been shown that obesity produced by a high et al.
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On the other hand, the diabetogenic effects could also be induced by epinephrine, ACTH and glucocorticoids which are released in response to stress (Bates and Garrison, 1973) . Endogenous epinephrine released during the periods of stress activates the sympathetic nervous system which suppresses insulin secretion (Wright and Malaisse, 1968) which then stimulates glucose uptake in muscle in vitro (Burns et al., 1953) . Glucocorticoids inhibit glucose phosphorylation in muscle and adipose tissue (Morgan et al., 1959; Roth and Livingston, 1976) . And when administered to rats, glucocorticoids also increased the levels of blood glucose, plasma insulin (Akerbloom et al., 1973) and insulin release from the perfused pancreas (Lenzen, 1976) . Thus, both a high fat diet and the hormones released during a stress state affect insulin action in the peripheral tissues and insulin. secretion, and contribute to the metabolism of glucose. 
Materials and Methods
Animals and diets Male Wistar rats weighing approximately 100g were used. To the rats was assigned either a high fat or control diet, and each condition was further divided into two different stress; Stress and NonStress. The rats in Group F were fed the high fat diet (40% butter) while to the rats in Group C was fed the control diet (50% starch) (see Table 1 ). The rats assigned to Group S were subjected to stress in the form of electrical shocks for the last three weeks, while those in Group N did not receive shocks. Food and water were provided ad libitum. The rats were weighed at the beginning of the experiment and weekly.
Apparatus and procedure for the electric shock Clear acrylic plastic chambers with iron grids imbedded in the floor were used. 200 V (ac) of scrambled electric shock were delivered, through a 300 Kohm current-limiting resister to the subject. The rats received 100 shocks during each session (1 hr/ day) and the duration of each shock was one sec. The inter-shock intervals were randomly assigned from 8 to 108 sec with a mean of 36 sec. The stress sessions were continued for 3 weeks.
Glucocorticoids assay Twenty-four hr after the end of the last stress session, rats from each group were decapitated and blood samples were collected in heparinized tubes. Plasma 11-OHCS levels were determined by a slight modification (Usui et al., 1970 ) of the fluorometric method described by DeMoor et al.(1960) .
Intravenous glucose tolerance test (iv GTT)
The intravenous glucose tolerance test was performed by injecting glucose (0.5 g/kg, in 50% w/v solution) into rats which had been deprived of food for 18 hr, under anesthesia with sodium pentobarbital (40-50 mg/kg) intraperitoneally. Blood samples were drawn from the tail vein immediately before (0), and at 3,10, 20, 30, 40 and 60 min after the injection of glucose, and were placed in tubes containing sodium fluoride. Plasma glucose was determined by o-toluidine method using a commercial kit (Kokusaishiyaku K.). Glucose disappearance rates (K) were estimated from the decline of plasma glucose levels after the injection of glucose (Amatsuzio et al., 1953) .
Perfusion system
The pancreas was isolated from the food-deprived rats for 18 hr and perfused using the procedure described by Grodsky et al.(1963) . The preparation of pancreas was placed into a perfusion vessel. The 
Results

Body weight
The effects of a high fat diet and stress on body weight are shown in Fig. 1 . The initial weight of the four groups was identical, about 100 g. Rats in the F-N group were significantly heavier after 8 weeks, and were approximately 50 g heavier than the rats in the C-N group at the end of the experiment (see Table 3 ). During the 3 weeks of stress sessions neither the F-S group nor the C-S group pained weight. After 3 weeks of shock sessions rats in the S groups weight about 50 g less than their counterparts in the N groups. There was a significant difference of weight between the C-S group and the F-S group (Table 3) . Seligman (1968) stated that electrical shocks administered at random intervals produced a chronic fear state in the subjects. Therefore, it would be expected that the degree of psychological stress (Weiss, 1972) was much greater in the random interval schedule, used in this experiment, than in the fixed interval schedule.
In a preliminary experiment, plasma 11 OHCS was measured as an indicator of stress. Rats received electrical shocks in the random or fixed interval schedule. The initial body weight of rats in the four groups was identical, approximately 100 g. To rats was fed either a control or high fat diet for 12 weeks.
Stress Table 2 indicates the levels in plasma 11-OHCS of the present experiment. There is no difference between two diet conditions, but a significant difference is seen between the stress and nonstress conditions (p < 0.001). Plasma glucose, insulin and adipose cellularity The fasting level of plasma glucose was not affected by the high fat diet or stress alone, but was slightly elevated in the F-S group. Plasma IRI was not changed by the high fat diet. The plasma IRI level rose significantly in the C-S group (p< 0.02) but not in the F-S group.
The mean diameter per 200 adipocytes from fed rats in the F-N group was greater than that of those from the C-N group (p< 0.005). The mean diameter of adipocytes in the F-S group was smaller than that from the F-N group (p<O.005), and was similar to that in the C-S group (Table 3 
Glucose metablism in adipose tissue
The basal conversion of [U-14C] glucose into 14CO2 (Fig. 4, A) and into total lipids-14C (Fig. 4, B) in adipose tissue were not significantly affected by the combination of the high fat diet and stress. The effect of insulin on the conversion of [U-14C] glucose to 14CO2 and lipids-14C was less in the F groups than the C groups. The decreased action of insulin on glucose metabolism in adipose tissue was no greater in the F-S group than in the F-N group and was independent of stress as in the C groups.
It appears that the stimulatory effect of insulin on glucose metabolism in adipose tissue is greatly dependent on the high fat diet.
Discussion
This experiment demonstrates that the high fat diet produces obesity, as shown by the enlarged adipocytes, and described by Lemonnier (1972) . This state had no effect upon glucose and insulin levels in plasma at the fasting state. These findings are in agreement with the observations of Stern et al.(1975) and Malaisse et al. (1969) . The concomitant effects of a high fat diet seem to be reflected by the enlarged adipocytes which induced a relative obese state without a markedly increased body weight as proposed by Zaragoza and Felber (1970) , and the size of the adipocytes play an important role in the response to insulin (Lemonnier et al., 1974) .
But the fact that adipose tissue from such obese rats showed a diminished stimulatory effects of insulin on glucose metabolism (Fig. 4) . Salans et al.(1969) suggested that the insulin resistance to obesity could be explained by the enlarged adipocytes. However, the small adipocytes obtained from the obese rats in the stress group were just as insensitive to insulin as the enlarged adipocytes from the obese rats in the nonstress group. Therefore, the effect of insulin on adipose tissue in vitro may be influenced by the diet composition rather than the size of the fat cells, as suggested in the observation of experimental obesity in human subjects by Sims et al.(1973) .
It has been suggested that the hyperinsulin response to glucose in genetic obesity is due to a greater quantity of insulin available for release rather than to an increased sensitivity of the beta cell to glucose (Karam et al., 1974) . The insulin response to glucose from the perfused pancreas was not affected by the high fat diet (Fig. 3) . It follows that glucose tolerance in the obese rats contributes to a relative lack of insulin which causes the insensitivity to insulin in peripheral tissues.
The introduction of stress by electrical shock elevated the plasma 11-OHCS level, but the high fat diet had no effect on the plasma 11-OHCS level (Table 2) . Roth and Livingston (1976) have proposed that the exposure of adipocytes to glucocorticoid hormones in vitro causes inhibition of glucose transport and metabolism. However, the glucose metabolism in adipose tissue was not influenced by stress (Fig. 4) . Thus, glucose tolerance impaired by stress in obese rats cannot account for the insensitivity to insulin in peripheral tissues.
It has been suggested that basal insulin may be normal or elevated by prolonged stress (Porte and Robertson, 1973) . In normal rats, the insulin release from the perfused pancreas in response to glucose and the plasma insulin level were increased by stress. This findings show that the electrical shock stress directly affects the pancreatic islets. But in obese rats insulin release, especially in the initial phase of release was markedly reduced by stress, which show a similar pattern to that of prediabetics (Cerasi et al., 1972) and alloxan-induced diabetics in dogs (Pupo et al., 1976) . As suggested in diabetes by Cerasi et al. (1972) , the decreased insulin response to glucose in obese rats subjected to stress may be ascribed to the decreased sensitivity to glucose in the pancreatic beta cell. Hedeskov and Capito (1975) who used mouse pancreatic islets during its starvation have suggested that the decreased sensitivity of insulin secretory mechanism may be caused by an ability to increase the concentration of cyclic AMP upon stimulation and a disturbance of the distribution of calcium in the pancreatic beta cell. Thus, some factors which are associated with the initial insulin response to glucose in the pancreatic beta cell may be modified by stress.
In conclusion, the results of this experiment indicate that the synergetic effects of obesity produced by a high fat diet and stress induced by electrical shock play an important role in the development of the diabetic syndrome.
This was observed in the decreased initial insulin response to glucose from the perfused pancreas, an impaired glucose tolerance and a slightly elevated blood glucose level at the fasting state.
